1 Using ab initio methods of quantum chemistry, structure and spectral properties of the molecular complexes which were formed by monomer of pentaplast chain and N-phenylbenzamide, that recreate features of intermolecular interaction in the penton-terlon system were researched. Offered theoretical models reflect proper spectral and energetic characteristics of investigated system.
Introduction
Pentaplast (PP), often called penton [1] , belongs to a rank of peomising bonding materials that are widely used for getting composites with valuable physical and chemical properties and technical characteristics. PP is characterized by its low melt viscosity, stability of shape and geometrical dimensions of products. Its obvious advantages are high strength and chemical endurance, which outreaches famous polyvinylchloride's resistance to concentrated mineral acid up to 393 K. Only a few polar solvents dissolve it at elevated temperatures [2] .
The main way for getting this thermoplastic is the 3,3-bis(chloromethyl)oxetane (BCMO) ring-opening polymerization process, which can be initiated by means of protonic acids, oxonium salts, hexafluoro-phosphates and Lewis acids in the presence of coinitiators (Fig. 1) . Side reactions such as ring formation and backbiting can be reduced by lowering the reaction temperature. These reactions can be more or less ignored in the case of composites, if bi-and higher functional monomers are applied [3] . Recently, the importance of the research of numerous polymer systems, based on pentaplast, reinforced with different fiber materials, such as poly-p-phenyleneterephtalamide (terlon) has grown [4] . Therefore, the main goal of this research is the detailed theoretical study for some features of structural equilibrium and vibrational spectra for molecular complexes that are carried out in the pentaplast-terlon (PPT) system using ab initio methods of quantum chemistry.
Experimental
Calculations using the density functional theory (DFT) were made with the help of the Gaussian 03, Revision E.01 package of programs [5] at the B3LYP/6-311++G(d,p) level of theory [6] . The IR spectra were recorded with a SPECTRUM ONE (PerkinElmer) instrument. The samples for recording were prepared using the standard procedure with KBr [7] .
Results and Discussion
When considering the building of a penton macromolecule in general, it should be mentioned that this thermoplastic is a polymer form of BCMO and due to that fact it is characterized by the following structure of monomer chain:
[-OCH 2 C(CH 2 Cl) 2 CH 2 -] n (1) which has crucially important value during the consideration of the possible conformational transformations that are carried out in this macromolecule. In addition, the zigzag structure of the main chain of the polymer that has a predictable valence angle COC, which is 12º, is undeniable whereas the consideration of end-toend distribution chloromethylene groups (CH 2 Cl) related to each other may be of significant interest from the perspective of theoretical grounding of the typical crystalline modification of penton.
For this reason at the primary stage of our research, we studied the properties of a pentaplast monomer chain of conformational transformation using the density functional method in approximation B3LYP/6-311++G(d,p). The theoretical model along with the structure (1) also included an extra oxygen atom that was related to the nearest chain element and also terminal methyl groups to record the most significant intramolecular interactions. Corresponding sets of vibrational frequencies were calculated for all critical points. We took into account special corrections at zero-point vibration during the calculation of the activation barriers [8, 9] . The calculation results are shown below (Fig. 2) . Comparative analysis of the obtained values of relative energies of the localized structures showed that the most stable is conformer trans-trans-(A), which is characterized by the maximum possible space remoteness of oxygen and chlorine atoms that are carrying a huge negative charge. Rotation of СН 2 Сl groups around carbon-carbon bonds, in contrast, leads to the pairwise convergence of these atoms, that destabilize trans-gosh-(B) and especially gosh-gosh-(C) conformer forms, which are confirmed with calculated values of activation barriers and their relative transitions. Taking into account the great contribution of the electrostatic repulsion energy in the structure formation of the pentaplast monomer chain element, we can certainly claim that these polymer macromolecules will have a helix form and a helix pitch distance mostly depends on the existence of structural branching, indicating the type of crystalline modification.
In addition to penton molecular structure research, there is a significant interest in the establishment of the most likely monomer chain configuration of terlon, which is p-substituted benzene rings, separated by bridged type of amide groups:
[-NHC 6 H 4 NHCOC 6 H 4 CO-] n (2) The N-phenylbenzamide molecule can be used as a theoretical model that reflects the structural properties of such systems properly. Its typical property is creating two isomeric forms that differ by the disposition of benzene rings relative to each other. Meanwhile, the earlier described method of calculation was completely saved, and it allowed for comparison of the acquired results (Fig. 3) . Based on these results which describe the structural characteristics of monomer chain elements of each polymer, we suggested the theoretical model which recreates their direct interaction. Data of the experimental study of PPT infrared spectra can be used as a basis for such systems. According to them, the authors [4] can make a conclusion about the CH 2 Cl chemical interaction group with an amido group of fiber. In fact, such an intermolecular complex is based on the slight power of electrostatic interaction with general stabilization energy that is less than ~10 kJ/mol according to the base sets of superposition error corrections (Fig. 4) [12, 13] .
According to the results of the study of particularities of the electronic density distribution in the researched system in Bader's AIM-theory [14, 15] , we made some extra estimations of the discovered molecular interactions. According to the obtained information (Fig.  4) , the dispersive interactions of the chlorine atom with the benzene ring`s hydrogen atoms makes the biggest contribution in the general stabilization of energy, and the dispersive interactions of the chlorine atom with the amido group`s hydrogen makes the least one. The calculated results are in correspondence with the generally accepted notion about potential inability of a chlorine atom to create typical hydrogen bindings, which can be easily explained by the charge density reduction on its surface [16, 17] . In view of the earlier discussion, the theoretical study of the vibrational spectra of the previously considered structures of isolated polymers and molecular complex trans-trans-(A)+anti-(B), which was obtained on their basis, is of considerable interest. It is known that the overwhelming majority of quantum chemistry approaches give an overvaluation of the normal vibrational frequency [18] . To take into account the systematic error of calculation, the obtained frequencies are multiplied by scale factors in accordance with the used calculation approximation. The latter are obtained by the comparison of calculated harmonic frequencies with their experimental values for significant numbers of molecules. In the case of using the calculation in DFT-approximation B3LYP/6-311++G(d,p), the scale factor makes the closest to the unity and it is 0.9986 [9] . This means that a good repeatability with the provided experimental data is expected from the obtained values of vibrational frequencies (Table 1, Fig. 5 ). The most intensive in the calculated spectrum of the molecular complex is the fringe in the 1559 сm -1 area, which responds to the bending vibrations of an NH-group with the participation of aryl molecular fragments in close proximity. The less intensive signals of benzene rings are in the area of 715 and 768 сm . We can also see that in the case of an isolated chloromethylene group of penton element monomer it moves to the area of 685 сm , and for an NH-group it is from 3608 tо 3617 сm 
This points to the strength of the reproduction of the spectrum characteristic of the researched system as a part of chosen level of theory [6] .
Conclusions
The results of the quantum-chemical research presented in this work indicate the opportunity of using quantum chemistry methods and procedures for studying the special aspects of intermolecular interaction at the level of separate macromolecular structural fragments. The obtained data may represent a significant interest in terms of the preliminary estimation of the components compatibility in creating related composite materials on their basis.
